Abstract. Lung cancer is a major cause of morbidity and mortality worldwide, therefore identifying biomarkers for the early detection, grading or postoperative follow-up of lung cancer is of clinical significance. In the present study, expression of lung tissue (t)-CXCL16 and t-CXCR6 was examined in 58 patients with non-small cell lung cancer (NSCLC) using immunohistochemical staining, and serum (s)-CXCL16 levels were detected in 58 patients with NSCLC and in 32 normal volunteers using an ELISA. A follow-up was performed every 4 months between January 2014 and January 2015. Compared with the normal volunteers, the s-CXCL16 concentration in patients with NSCLC significantly increased (329.47±135.38 vs. 572.82±116.05 pg/ml, respectively; P<0.001). When grouped according to TNM stage, the expression of t-CXCL16 (60 vs. 85.71%; P= 0.029), t-CXCR6 (53.33 vs. 78.57%; P= 0.043) and s-CXCL16 (26.67 vs. 57.14%, P= 0.019) in the stage I-II subgroup was significantly lower compared with that of the stage III-IV subgroup. The positive expression rate of t-CXCL16 (91.18%) and t-CXCR6 (79.41%) in the lymph node metastasis subgroup was significantly higher compared with that of the corresponding non-lymph node metastasis subgroup (50 and 45.83%, respectively; P<0.01). Additionally, the positive expression rate of t-CXCL16 in the smoking subgroup was 100%, which was significantly higher compared with that of the non-smoking subgroup (23.81%) (P<0.001). The follow-up and mortality rates were 100% (58/58) and 13.79% (8/58), respectively. Within the time period of the present study, the survival time was 4-18 months, and the mean survival time was 16.6 months. In conclusion, the expression of t-CXCL16 and t-CXCR6 is positively correlated with the TNM stage and lymph node metastasis in patients with NSCLC. Additionally, there was a significant increase in s-CXCL16 levels in patients with NSCLC, suggesting that CXCL16 could be used as a supplementary biomarker for the early detection of NSCLC.
Introduction
Lung cancer is a major cause of morbidity and mortality worldwide (1, 2) . Based on its cellular characteristics, lung cancer is divided into two major types as follows: Non-small cell lung cancer (NSCLC) and small cell lung cancer. NSCLC accounts for >80% of lung cancer diagnoses (3) . Although great advancements have been made in non-invasive surgery, chemotherapy, radiotherapy and immunotherapy to treat human cancer, the 5-year survival rate for patients with advanced NSCLC is only 15% (3) . Tumor metastasis is one of the primary factors that determines the prognosis, quality of life and survival rate of patients. Therefore, identifying the molecules and signaling pathways associated with cancer metastasis is of clinical significance and may aid in improving the prognosis of patients with NSCLC.
Previous studies have demonstrated that malignancies express a number of chemokines (CKs) and CK receptors (CKRs), suggesting a role for CK/CKR signaling networks in tumor development and progression (4) (5) (6) (7) (8) . Among these CKs and CKRs, the C-X-C motif CK16 (CXCL16)-CXCC receptor type 6 (CXCR6) signaling axis has been highlighted due to its distinctive features. CXCL16 can exist in a transmembrane (t) and soluble (s) form, and CXCR6 is its sole receptor (9) (10) (11) . Aside from the roles that CXCL16 and CXCR6 serve in normal biological processes, CXCL16 and CXCR6 are also aberrantly expressed in numerous types of human cancer, including prostate, breast, pancreatic, colorectal and bladder cancer, and in renal cell carcinoma and nasopharyngeal carcinoma (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . The interaction between CXCL16 and CXCR6 is associated with the growth, survival, migration, invasion, angiogenesis and the activation of multiple intracellular signaling pathways in malignant cells (15) (16) (17) (18) (19) (20) (21) , suggesting that the CXCL16-CXCR6 interaction may serve an important role in tumorigenesis and metastasis.
A previous study confirmed the expression of CXCL16 and CXCR6 in human primary lung cancer tissues, and demonstrated that the activation of the CXCL16-CXCR6 signaling axis promotes the invasion of A549, 95D and H292 lung cancer cells in vitro (22) , implicating the CXCL16-CXCR6 signaling axis in the development of lung cancer. However, whether there is variability in CXCL16 and CXCR6 expression between patients with lung cancer with different clinicopathological features has not yet been investigated, to the best of our knowledge. In the present clinical retrospective study, the association of t-CXCL16, t-CXCR6 and s-CXCL16 levels with clinicopathological features was investigated in patients with NSCLC. The data from the present study provide new insights into potential biomarkers for the early detection of lung cancer, and into targeted therapy and postoperative follow-up for patients with NSCLC.
Materials and methods
Tissue sample collection. All procedures involving participants in the present study were approved by the Human Research Ethics Committee of Zhongnan Hospital of Wuhan University (Wuhan, China), and written informed consent was provided by all participants. Tissue collection was performed as previously described (22) . Briefly, human lung cancer tissue (58 cases) and the adjacent normal lung tissue (20 cases) was obtained from patients who underwent pulmonary lobe resection or pneumonectomy at Zhongnan Hospital of Wuhan University between August 2013 and September 2014. Two experienced pathologists performed the identification of the pathological type and differentiation degree of NSCLC. Tumor (T) stage was determined according to the seventh edition of the tumor-node-metastasis (TNM) staging system of the International Association for the Study of Lung Cancer (IASLC) in 2009 (23) . The recruitment criteria for patients included a pathological diagnosis of primary NSCLC, without any other primary tumor history, intact medical records and follow-up data. The exclusion criteria were preoperative chemotherapy, radiotherapy, biological therapy or immunotherapy. The clinicopathological characteristics of the patients included in the present study are provided in Table I .
Immunohistochemistry (IHC)
. IHC was performed as previously described (17, 22) . rabbit polyclonal CXCL16 (cat. no. ab101404; dilution, 1:100) and rabbit polyclonal CXCR6 (cat. no. ab8023; dilution, 1:100) antibodies from Abcam (Cambridge, MA, USA) were used as the primary antibodies in the study. They were validated by the manufacturer for immunohistochemistry on paraffin-embedded material. The tissues were fixed with formalin and embedded in paraffin. The 4-µm tissue sections were deparaffinized with xylene and rehydrated with ethanol. Antigen retrieval was performed by placing the sections in 0.01 mol/l citrate buffer, pH 6.0, before microwave heating for 15 min at 400 W. Following antigen retrieval, 0.3% H 2 O 2 for 15 min in PBS was used to block endogenous peroxidase activity in the 4-µm tissue sections. Following treatment with citrate buffer (MaiXin Biotechnology, Co., Ltd., Fuzhou, China) to clear non-specific binding, the sections were incubated overnight at 4˚C with 25 µg/ml CXCR6 or 20 µg/ml CXCL16 primary antibodies. The CXCR6 and t-CXCL16 molecules were visualized by adding horseradish peroxidase (HRP)-labeled mouse anti-rabbit IgG (cat. no. KIT-9901, dilution, 1:100, MaiXin Biotechnology, Co., Ltd., Fuzhou, China), which were included in a detection reagent kit (Elivision™ plus Polyer HRP (Mouse/Rabbit) IHC Kit, cat. no. KIT-9901, MaiXin Biotechnology, Co., Ltd., Fuzhou, China) at 37˚C for 15 min. Then 3,3-diaminobenzidine tetrahydrochloride was used for signal detection and Harris hematoxylin was used as a counterstain. The reagents for immunohistochemical analysis, including the citrate buffer, H 2 O 2 , detection kit, DAB and hematoxylin were purchased from MaiXin Biotechnology, Co. Ltd. A total of 10 µg/ml rabbit isotype immunoglobulin G (cat. no. AG-0021; dilution, 1:50; Dingguo Bio Co., Ltd., Shanghai, China) was used as a negative control.
Scoring of immunohistochemistry (IHC).
The IHC scoring was performed blindly using a telepathology system without knowledge of the associated clinical information, including tumor grade, tumor size and clinical outcome (17, 22) . The tissue sections were assigned scores respectively based on the intensity of immunostaining and the percentage of positively stained cells. The immunostaining intensity was observed and scored as follows: No staining (score, 0), light yellow staining (score, 1), light brown staining (score, 2) or brown staining (score, 3). The percentage of positively stained cells was scored as follows: 5% (score, 0), 5-25% (score, 1), 26-50% (score, 2), 51-75% (score, 3) or >75% (score, 4). The sum of the immunostaining intensity score and the score for the percentage of positive cells was the overall score of every tissue slice, which was defined as follows: <2, negative expression(-); ≥2 positive expression; 2-3, weak expression(+); 4-5, moderate expression (++); and 6-7 as strong expression (+++) (17, 22) .
ELISA. A total of 2 ml venous blood was collected using 10 ml syringe in morning, then spaced into vacuum packing tubes without anticoagulant. The samples were allowed to stand for 30 min. Subsequent to low-speed centrifugal 1,200 x g for 10 min, the supernatant was collected into EP tubes, and then centrifuged at 19,200 x g for 10 min, Now the supernatant is the serum samples. The blood sera from 58 patients with NSCLC and 32 normal volunteers (17 were men and 13 were female, age range 46-72 years) were collected from between August 2013 and September 2014 and stored at -80˚C until the ELISA analysis was performed. The amount of s-CXCL16 in each sample was measured using a human CXCL16 ELISA kit (cat. no. F00514; Shanghai Westang Bio-Tech Co., Ltd., Shanghai, China), according to the manufacturer's protocol. The CXCL16 assay kit demonstrated a sensitivity of 40 pg/ml and an intra-assay coefficient of variation of <12% (22) .
Statistical analysis. The data were analyzed using SPSS software (version 17.0; SPSS, Inc., Chicago, IL, USA). The results of the ELISA are presented as the mean ± standard error and were assessed using a Student's t-test. The association between CXCL16-CXCR6 expression and clinicopathological features was analyzed with a χ 2 test, Fisher's exact test and Spearman rank correlation coefficient analysis. A univariate analysis was performed using the Kaplan-Meier estimator method and a log-rank test. The median survival time was calculated using SPSS v17.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results

Clinicopathological characteristics of patients with NSCLC.
The age of patients with NSCLC ranged from 43-80 years and the average age was 58.95±9.84 years (Table I) . A total of 72.4% of patients with NSCLC were male and 27.6% were female. The pathological types were as follows: Adenocarcinoma (AC; 32 cases), squamous carcinoma (SC; 22 cases) and adenosquamous carcinoma (ASC; 4 cases). Differentiation degrees included low (15 cases), medium (30 cases) and high (13 cases).
A total of 30 patients were identified to have stage I-II NSCLC and 28 patients were identified to have stage III-IV NSCLC. Among the 58 patients there were 37 smokers, 4 patients with pleural invasion and 34 patients with lymph node metastasis.
Association between t-CXCL16 and t-CXCR6 expression in patients with NSCLC.
IHC was performed to detect the expression of t-CXCL16 and t-CXCR6 protein in human lung tissues derived from primary NSCLCs (Table II) . t-CXCR6-and t-CXCL16-specific staining was clearly observed in the cytoplasm and membrane of the primary lung cancer cells (Fig. 1) . In normal lung tissue, t-CXCL16 and t-CXCR6 were primarily restricted to the alveolar epithelial cells and inflammatory cells. According to the scoring of IHC, the positive expression rate was defined as that the ratio between the positive expression case (overall score of the tissue slice ≥2) and all cases in the same group. No significant difference was identified between the positive expression rate of t-CXCL16 (72.41% of cases) and that of t-CXCR6 protein (65.52% of cases) (P= 0.442; Table II) . Among the 58 patients with NSCLC, there were 38 cases (65.52%) that co-expressed t-CXCL16 and t-CXCR6 (data not shown). (Table III) . No significant difference was observed between the positive expression rate of t-CXCL16 in the <60 years subgroup compared with that of the ≥60 years subgroup (78.13 vs. 65.38%; P=0.280). The same was true for t-CXCR6 in the <60 compared with the ≥60 years old groups (71.88 vs. 57.69%; Additionally, no significant differences were identified between the positive expression rates of t-CXCL16 or t-CXCR6 in different pathological types of NSCLC (Table III) . For t-CXCL16, the positive expression rates were 75, 68.18 and 75% in the AC, SC and ASC subgroups (P= 0.895), respectively. For t-CXCR6, the positive expression rates were 65.63, 63.64 and 75% in the AC, SC and ASC subgroups (P=1.000), respectively. Similar results were observed when comparing subgroups of patients with NSCLC that was differentiated to different degrees. For t-CXCL16, the positive expression rates were 80, 70 and 69.23% in the low, medium and high subgroups (P= 0.799), respectively. For t-CXCR6, the positive expression rates were 66.67, 63.33 and 69.23% in the low, medium and high subgroups (P=0.927), respectively. No significant differences were identified between the expression rates of t-CXCL16 (100 vs. 70.37%, P= 0.480) or t-CXCR6 (75 vs. 64.81%, P=1.000) in the pleural invasion and non-pleural invasion subgroups.
Association between t-CXCL16/t-CXCR6 expression and the clinicopathological characteristics of patients with NSCLC
When patients were grouped according to TNM stage, the positive expression rate of t-CXCL16 (60 vs. 85.71%, P= 0.029) and t-CXCR6 (53.33 vs. 78.57%, P= 0.043) in stage I-II was significantly lower compared with that of stage III-IV (Table III) . Furthermore, the expression rate of t-CXCL16 (91.18 vs. 50%, P= 0.001) and t-CXCR6 (79.41 vs. 45.83%, P= 0.008) in the lymph node metastasis subgroup was significantly higher compared with that of the corresponding Table II . Positive expression rate of CXCL16 and CXCR6 in non-small cell human lung cancer tissues. CXCL16, C-X-C motif chemokine 16; CXCR6, C-X-C chemokine receptor type 6. According to the scoring of IHC, the positive expression rate was defined as that the ratio between the positive expression case (overall score of the tissue slice ≥2) and all cases in the same group.
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non-lymph node metastasis subgroup. Although no significant difference in t-CXCR6 expression was identified between the smoking and non-smoking subgroups (64.86 vs. 66.67%, P= 0.890), the positive expression rate of t-CXCL16 in the smoking subgroup was significantly higher compared with that of the non-smoking subgroup (100 vs. 23.81%, P<0.001).
Association between s-CXCL16 concentration and the clinicopathological characteristics of patients with NSCLC.
An ELISA was performed to compare the concentration of s-CXCL16 in patients with NSCLC and normal volunteers. As illustrated in Table IV , the s-CXCL16 concentration in patients with NSCLC was significantly higher compared with that of the normal volunteers (572.82±116.05 vs. 329.47±135.38 pg/ml; P<0.001). According to the average s-CXCL16 concentration, patients with NSCLC were further divided into two subgroups as follows: High (≥572.82 pg/ml, 24 cases) and low (<572.82 pg/ml, 34 patients; Tables V and VI). Among the s-CXCL16 high concentration group containing 24 cases in total, there were 5 patients that did not express t-CXCL16, 12 patients with weak expression, 5 with moderate expression and strong expression in 2 patients (Table V) . Compared with t-CXCR6, the high group included 8 patients with negative expression, 11 patients with weak expression, only one patient with moderate expression and 4 with strong expression ( or lymph node metastasis (44.12 vs. 37.5%; P=0.641) had no effect on the expression level of s-CXCL16 in patients with NSCLC. However, when grouped according to TNM stage, the percentage of patients with a high s-CXCL16 level in the stage I-II subgroup (26.67%) was significantly lower compared with that of the stage III-IV (57.14%) subgroup (P=0.019).
Effects of t-CXCL16, t-CXCR6 and s-CXCL16 expression on patients' prognosis.
Professional personnel performed a follow-up every 4 months between January 2014 and January 2015. The follow-up rate and mortality rate were 100% (58/58) and 13.79% (8/58), respectively. Within the time period of the present study, the survival time were 4-18 months and the mean survival time was 16.6 months (data not shown). No significant difference was identified between the survival rate of the t-CXCL16-positive group (88.1%) compared with the t-CXCL16-negative group (81.25%) (log-rank, 0.008; Table V . Expression pattern of s-CXCL16 and t-CXCL16 in patients with non-small cell lung cancer. Low  11  10  10  3  34  concentration  High  5  12  5  2  24  Total  16  22  15  5 s-CXCL16, serum C-X-C motif chemokine 16; t-CXCL16, tissue C-X-C motif chemokine 16. -, negative expression; +, weak expression; ++, moderate expression; +++, strong expression. s-CXCL16 concentration of 58 patients in NSCLC was divided into two subgroups: High (≥572.82 pg/ml, 24 patients) and low (<572.82 pg/ml, 34 patients). Table VI . Expression pattern of s-CXCL16 and t-CXCR6 in patients with non-small cell lung cancer. -+  ++  +++  Total   s-CXCL16  Low  12  11  3  8  34  concentration   High  8  11  1  4  24  Total  20  22  4  12 s-CXCL16, serum C-X-C motif chemokine 16; t-CXCR6, tissue C-X-C chemokine receptor type 6. -, negative expression; +, weak expression; ++, moderate expression; +++, strong expression. s-CXCL16 concentration of 58 patients in NSCLC was divided into two subgroups: High (≥572.82 pg/ml, 24 cases) and low (<572.82 pg/ml, 34 cases).
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P= 0.931; Fig. 2A ). Additionally, no significant difference was identified between the t-CXCR6-positive (84.21%) and the t-CXCR6-negative (90%) groups (log-rank, 1.559; P= 0.212; Fig. 2B ). The survival rate of patients with NSCLC [87.5% (high subgroup) vs. 85.29% (low subgroup)] was not associated with the s-CXCL16 level (log-rank, 0.068; P=0.795; Fig. 2C ). The median survival time was not obtained as the follow-up time was relatively short and all the survival rates were >50%. Therefore, it was difficult to obtain the median survival time with the method used in the present study.
Discussion
The aim of the present study was to investigate the role of the CXCL16-CXCR6 signaling axis in the progression and metastasis of human lung cancer. The expression of t-CXCL16, t-CXCR6 and s-CXCL16 was measured in 58 patients with NSCLC, and the association between these expression levels and different clinicopathological features was explored.
In accordance with a previous study (22) , t-CXCR6-and t-CXCL16-specific staining was clearly observed in the cytoplasm and membrane of the primary lung cancer cells (Fig. 1) . The data revealed that t-CXCL16 and t-CXCR6 were co-expressed in human primary NSCLC tissue, and no significant difference was identified between the positive expression rates of t-CXCL16 and t-CXCR6 (P= 0.442). This expression pattern of t-CXCL16 and t-CXCR6 is similar to that observed in a previous study (22) . A total of 91 samples were investigated across the present study and this previous study. Thus, the co-expression of CXCL16 and CXCR6 may serve an important role in the development of human lung cancer. Age and gender, and the pathological type and differentiation degree of NSCLC, had no significant effect on t-CXCL16 or t-CXCR6 expression in NSCLC tissue. However, there was a significant difference between the positive expression rates of t-CXCL16 (P= 0.029) and t-CXCR6 (P= 0.043) of the stage III-IV and I-II TNM subgroups. The same result was observed when the patients were grouped according to the occurrence of lymphatic metastasis. The positive expression rates of t-CXCL16 (P= 0.001) and t-CXCR6 (P= 0.008) of the lymph node metastasis subgroup were significantly higher compared with that of the corresponding non-lymph node metastasis subgroup. Previous studies have demonstrated that the CXCL16-CXCR6 signaling axis promotes the viability and invasiveness of lung cancer cell lines in vitro (22) . Recent in vivo experiments from our group have demonstrated that blocking the CXCL16-CXCR6 signaling axis effectively inhibits tumor formation in nude mice (Hu et al, unpublished data) . This previous data, and the data from the present study, suggest that the CXCL16-CXCR6 signaling axis is associated with human lung tumor metastasis. - The expression pattern of t-CXCL16 was different in the smoking subgroup when compared with the non-smoking subgroup, and also when comparing the TNM stage and lymphatic metastasis status. There was no significant difference in t-CXCR6 expression between the smoking subgroup and the non-smoking subgroup (P= 0.89). However, all patients with NSCLC from the smoking subgroup expressed t-CXCL16 at a significantly higher level compared with those in the non-smoking subgroup (P<0.001). Under normal conditions, CXCL16 is constitutively expressed by human bronchial epithelial cells, which is important for the homeostatic regulation of T cells and resistance to external pathogens (24) . During an inflammatory response, including the response to regular smoking, CXCL16 can be upregulated (16, 25) . The role of inflammation in the tumor microenvironment during tumorigenesis has been investigated (26, 27) . It has been demonstrated in prostate cancer that inflammatory cytokines derived from adjacent infiltrating CXCR6-positive T cells can stimulate the production of CXCL16 by cancer cells, and that CXCL16 then further enhances the growth and proliferation of CXCR6-expressing cancer cells and primary T cells (16) . Thus, the smoking-associated inflammatory microenvironment, together with an abnormal increase of CXCL16, may contribute to the high risk of lung cancer for smokers.
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CXCL16 can exist in a t and s form. Thus, in the present study, the concentration of s-CXCL16 was examined in patients with NSCLC and in normal volunteers. The s-CXCL16 level in patients with NSCLC was significantly increased compared with that in the normal volunteers (P<0.001). No significant differences were identified between the expression levels of s-CXCL16 among the age, gender, pathological type, differentiation degree, smoking, pleural invasion or lymph node metastasis subgroups. This may be due to the small sample size of the present study. However, the level of s-CXCL16 in the stage III-IV TNM subgroup was significantly higher compared with that of the corresponding stage I-II TNM subgroup (P= 0.019). The results from the present study suggest that s-CXCL16 levels are a novel biomarker for the early detection and grading of NSCLC. However, further studies investigating the role that s-CXCL16 serves in tumor metastasis are required, as the level of s-CXCL16 may not be representative of the level of t-CXCL16 in the lung.
One limitation of the present study is the small cohort size, which did not allow for a thorough survival analysis. Besides, the follow-up period was short and most patients were still alive at the end of this study, so we cannot get the median survival time of the patients, and further study should be conducted for the survival effect. Although a previous study has investigated the association between CXCL16 expression and the survival Figure 2 . Survival curves of patients with NSCLC according to t-CXCL16, t-CXCR6 and s-CXCL16 expression. The specific survival time of patients with NSCLC according to their expression of (A) t-CXCL16 in human primary lung cancer tissues (Kaplan-Meier estimator; log-rank, 0.008; P= 0.931), (B) t-CXCR6 in human primary lung cancer tissues (Kaplan-Meier estimator; log-rank, 1.559; P= 0.212) and (C) soluble CXCL16 in blood serum (Kaplan-Meier estimator; log-rank, 0.068; P= 0.795). NSCLC, non-small cell lung cancer; CXCR6, C-X-C chemokine receptor type 6; CXCL16, C-X-C motif chemokine 16; t, transmembrane.
of patients with lung cancer (28) , further studies investigating the prognostic impact of CXCL16 and CXCR6 expression in larger multicenter cohorts of patients with NSCLC are required. Additionally, pleural invasion typically occurs in the advanced stages of NSCLC when surgery is not appropriate. Thus, in the present study's patient cohort, there were only 4 patients with pleural metastasis. The underlying molecular mechanisms of pleural metastasis in NSCLC require further investigation.
In conclusion, the present study demonstrated that t-CXCL16 and t-CXCR6 are co-expressed in human NSCLC. The TNM stage and lymph node metastasis status were positively correlated with the expression levels of t-CXCL16 and t-CXCR6, suggesting that the CXCL16-CXCR6 signaling axis serves a role in the development and metastasis of lung cancer. Additionally, there was a significant increase in s-CXCL16 levels in patients with NSCLC, suggesting that s-CXCL16 could be used as a biomarker for the early detection of lung cancer. In addition, the expression of t-CXCL16 was significantly increased in patients with NSCLC that smoked compared with patients that did not smoke, which provides insight into a potential underlying molecular mechanism for the high risk of lung cancer in smokers.
